Proliferation of concanavalin A (Con A)-activated nylon-wool purified murine splenic T cells was increasingly suppressed by prodigiosin 25-C as higher concentrations of Con A were used for the activation. Enhancement of suppressive effect of prodigiosin 25-C was not observed when T cells were stimulated with phytohemagglutinin (PHA), anti-CD3 antibody, or allogeneic splenic adherent cells. The suppressive effect of prodigiosin 25-C was enhanced by the addition of Con A in various T cell subpopulations as well as in LPS-activated splenic B cells. Lectins that recognize mannose residue of biantennary-complex-type sugar chains significantly enhanced the suppressive effect of prodigiosin 25-C, whereas a lectin that binds to 7V-acetylglucosamine did not. These results suggest that binding of lectins to the mannoseresidue of biantennary-complex-type sugar chains on cell surface of both T and B lymphocytes plays a central role on the enhancement of the suppressive effect of prodigiosin 25-C.
Prodigiosin 25-C is a T cell specific immunosuppressant that was found in a screening program for immunomodifyingantibiotics using mitogen response of splenocytes1'2*. Whenprodigiosin 25-C was administered to mice immunized with both sheep red blood cells (SRBC) and an allogeneic cell line, induction of specific cytotoxic T lymphocytes (CTL) was completely suppressed, whereas antibody production against SRBC was not affected3'40. Prodigiosin 25-C did not affect antibody production against a thymus dependent (TD) or a thymus independent antigen (TI)4). Thus, prodigiosin 25-C selectively
inhibits the generation of killer T cells without affecting functions of helper T cells and B cells in vivo.
In the case of the in vitro Con A-induced proliferative response of T cells, prodigiosin 25-C suppressed neither IL-2 production nor expression of IL-2 receptor (IL-2R) and transferrin receptor at concentration that completely inhibited IL-2 dependent T cell proliferation3 ' 4) .
In contrast, FK5065) strongly inhibited IL-2 dependent T cell production as well as IL-2R expression6~8). This drug acts by inhibiting the translocation of a transcription factor subunit from the cytosol to the nucleus by blocking the phosphatase activity of calcineurin9 '10) . These results indicate that prodigiosin 25-C, unlike FK506, inhibits a later stage of T cell activation following the step of IL-2 binding to the IL-2R.
Mitogen response of murine splenocytes has been shown to be inhibited more strongly by prodigiosin 25-C when the cells were stimulated with high concentration of Con A4). This is a unique property of prodigiosin 25-C, distinct from other immunomodulators including cyclosporin A and FK506. In this report, the mechanism of enhancement of the suppressive effect of prodigiosin 25-C was studied using purified T and B cells. AUG. 1992 Materials and Methods
Mice
Specific pathogen free BALB/c, C57BL/6 and C3H/He mice (female, 6 weeks old) were obtained from Charles River Japan Co. Ltd., Tokyo.
Chemicals
Prodigiosin 25-C was prepared from the extract of mycerial cakes of Streptomyces hiroshimensis as described previously2*. Concanavalin A (Con A), Lens culinalis agglutinin (LCA), Pisum sativum agglutinin (PSA), Viciafava agglutinin (VFA), Pokeweed agglutinin (PWM), chicken egg ovalbumin (OVA), A23187 Cloned T Cell Lines BK114) (CD4+, KLH specific, I-Ad restricted killer T cell line), BO114) (CD4+, OVAspecific, I-Ad restricted killer T cell line), QM1115) (CD8+, I-Ak specific killer T cell line) and OE416) (CD8+, Ld specific killer T cell line) were provided by N. Shinohara. 16, 38-1, 42-2, 47-3 (allogeneic I-Ab specific Tb^cell lines), 35-9D, 35-8H16), 34-7F16) (OVA specific I-Ab restricted Thj. cell lines), D10.G4.117), C3C, C3F (allogeneic I-Ab specific Th2 cell lines) and 42-6A18) (OVA specific I-Ad restricted Tr^cell lines) were from our stock. T cell lines were maintained by repeated stimulations with specific antigens along with SAC followed by the incubation with lOng/ml IL-2 or 10%culture supernatant of rat spleen cells stimulated with Con A (rat conditioned medium). T cell lines were used for experiments at least two weeks after the antigen stimulation.
Proliferation Assay of T Cell Lines T cell lines (1 x 104cells/well) were stimulated with 20jig/ml KLHor 200/jg/ml OVAtogether with SAC(2 x 104cells/well), or with allogeneic SAC(2 x 104cells/well) and cultured for 2 days in the presence of lOng/ml human recombinant IL-2 (for killer and Th^lines) or 10% rat conditioned medium (for Th2 lines) in a 96 well culture plate. After being pulse-labeled with [3H]thymidine (0.5 /iCi/well) for 4hours, cells were harvested and counted in a liquid scintillation counter.
Assay for Splenic T Cell Proliferation
To assess the proliferative response of purified splenic T cells to Con A, PHAor other lectins, anti-CD3 antibody, or A23187 plus PDBu, T cells (1 x 105 cells/well) and SAC (2 x 104cells/well) were cultured for 3 days with stimulants in a 96 well culture plate. They were pulsed with [3H]thymidine (0.5 //Ci/well) for the last 4hours. WhenT cells were stimulated with allogeneic antigen, C57BL/6mice splenic T cells (4 x 105 cells/well) were stimulated with various concentrations of SACfrom C3H/Hemice for 3 days.
Results
The degree of prodigiosin 25-C suppression of proliferation of nylon-wool purified T cells increased with increasing concentrations of Con A (Fig. 1A) . The mitogenic response induced by 5 /^g/ml Con A was inhibited by the addition of 1 ng/ml prodigiosin 25-C and that induced by O^g/ml Con A was inhibited by 10 ng/ml prodigiosin 25-C. Increased sensitivity to prodigiosin 25-C at high concentration of the stimulant was not observed when PHA (Fig. IB) , anti-CD3 antibody (Fig. 2B) , or allogeneic SAC (Fig. 2C ) was used as a stimulator.
ID50 (50% inhibition dose) values of prodigiosin 25-C in these experiments were equivalent to those in the experiment where T cells were stimulated with 0.2/ig/ml Con A or with calcium ionophore plus phorbol ester, which stimulates T cells through the T cell receptor (TCR) independent pathway19'20* ( Fig. 2A) . These results suggest that the increase in sensitivity to prodigiosin 25-C ofT cell proliferation response to high concentration of Con A is not due to overstimulation toTCR.
Both T cell preparations enriched with CD4~CD8+ ( Fig. 3B ) and CD4+CD8" T cells (Fig. 3C ) were shownto be more sensitive to prodigiosin 25-C, whenthey were stimulated with higher concentration of Con A. These two populations showed the same sensitivity to prodigiosin 25-C. Although most of the T cell lines listed in Table 1 were inhibited by Con A itself, these cell lines were also more sensitive to prodigiosin 25-C in the presence of high concentration of Con A. Thus, there was no difference in T cell subsets regarding the effects of Con A on their sensitivity to prodigiosin 25-C. Whencells were stimulated in the presence of higher concentrations of Con A, all T cell populations examined were more sensitive to prodigiosin 25-C regarding their proliferative response, irrespective of their surface marker, CD4+CD8õ r CD4~CD8+status, cytokine secretion phenotype, Thx or Th2, and their function as helper or killer cells. T cell blasts obtained by stimulating splenocytes with anti-CD3 antibody, low concentration of Con A or PHA, were more sensitive to prodigiosin 25-C in their proliferation in the presence of Con A (Fig.  4) . It should be noted that the proliferation of B cell blasts was also more strongly inhibited by prodigiosin 25-C in the presence of a high concentration of Con A (Fig. 4D) . These results suggest that the increased sensitivity to prodigiosin 25-C in high concentration of Con A was neither due to too much stimulation of TCR nor to different sensitivity to the drug among the T cell subsets.
Effects of other lectins on the sensitivity of T cells to prodigiosin 25-C were also examined. T cells were shown to be sensitive to prodigiosin 25-C in the presence of high concentration of PSA, VFA,and LCA,which bind to mannoseresidues of biantennary-complex-type sugar chains as Con A (Fig. 5) , although the effects of these lectins were less pronounced than that of Con A. On the other hand, PWM, which is known to bind to TV-acetylglucosamine, exerted no effect on the suppressive effect of prodigiosin 25-C.
Discussion
As a substitute for antigen stimulation, Con A can induce quiescent T cells to proliferate by crosslinking of TCR. In the present paper, we studied the mechanismby which the addition of a high concentration of Con A to cultures enhances the suppressive effect of prodigiosin 25-C on T cell proliferation. Such Nylon-wool purified T cells were stimulated in the presence of SAC with 1 A*g/ml Con A (A), 1 /*g/ml PHA(B) or 1/2,000 dilution of anti-CD3 ascites (C) for 2 days (T cell blasts). After washing, cells were further incubated with prodigiosin 25-C and Con A in the presence of 40ng/ml IL-2 for 2 days. The B cell enriched fraction was stimulated with 5 /ig/ml LPS for 2 days (B cell blasts) and cells were further incubated with prodigiosin 25-C and Con A in the presence of 5fig/m\ LPS for 2 days (D). Con A was added to T and B cell blasts at final concentration of0/xg/ml (O), 2/zg/ml (å¡) or 5 /ig/ml (à" enhancement was not observed with T cells stimulated with anti-CD3 antibody or allogeneic SAC.ID50 values of prodigiosin 25-C against the splenic T cell proliferation induced by those stimulants were almost equivalent to those against mitogenic response induced by A23187 and PDBuwhich stimulate T cells in a TCRindependent manner19 '20) . In addition, Con A enhanced the inhibitory effect of prodigiosin 25-C on IL-2 dependent proliferation of T cell blasts as well as LPS-induced mitogenic response of B cells. These results suggest that TCRis not involved in the mechanism of the increased sensitivity of lymphocytes to prodigiosin 25-C in the presence of Con A. It has been reported that Con A induces membrane freezing, microtubular aggregation, receptor capping, adenylate cyclase activation and cellular cyclic AMP increase2 1}. These cellular physiological changes maybe closely related to the suppressive effect ofprodigiosin 25-C on cell proliferation. Since high concentration of Con A is toxic to murine splenocytes and various T cell lines, it is possible that prodigiosin 25-C enhances the suppressive effect of Con A. Recently, we found that prodigiosin 25-C increased the number of Con A binding sites on cell surface ofa cultured cell line, and that the enhancement of suppressive effect of prodigiosin 25-C was much greater than that predicted from the increase of Con A receptors (Kataoka, T., Magae, J., Kasamo, K., Yamanishi, H., Endo, A., Yamasaki, M. & Nagai, K., unpublished data). These findings suggest that prodigiosin 25-C and Con A enhance their suppressive effects each other and synergistically suppress the cell proliferation. Asparagine-linked sugar chains of glycoproteins are divided into three groups, high-mannose-type, complex-type and hybrid-type. Cells express a wide variety of these glycoproteins on their surface. Con A preferentially binds to mannoseresidues of asparagine-linked glycoproteins and has affinity to high-mannose-type, biantennary-complex-type and hybrid-type sugar chains22'23). Proliferation of splenic T cells was more sensitive to prodigiosin 25-C in the presence of higher concentration of LCA,PSAand VFAwhich bind to mannoseresidue of biantennary-complex-type sugar chains22'23). Onthe other hand, sensitivity of T cells to prodigiosin 25-C was not changed when the mitogenic response was induced with PHA and PWM,which bind to N-acetylgalactosamine and Af-acetylglucosamine, respectively. Thus, binding of Con A to the mannoseresidue of biantennary-complex-type sugar chains seems to be required to enhance the inhibitory effect of prodigiosin 25-C.
The enhancement of the growth inhibitory effect of prodigiosin 25-C by Con A was observed in most of the T cells examined, including both CD4+CD8~and CD4~CD8+subsets and various T cell lines, although their sensitivities differed depending on the population. LPS-induced B cell blasts had greater sensitivity to prodigiosin 25-C in the presence of Con A. Thus, sensitivity to prodigiosin 25-C can be assumed to be affected by the activation stage of cells.
The present results indicate that the effect of prodigiosin 25-C is not selective for particular lymphocyte populations. However, in vivo the compound has been shown to suppress preferentially the generation of killer T cell3'40. Lymphocytes in vivo interact with extracellular matrix as well as various other cells240. Thus, the microenvironmental conditions in the stimulation or differentiation may be important for prodigiosin 25-C to exert its effect.
